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(54) Method and apparatus for producing fuel cell electrodes 



(57) An electrode base nnaterial (5a,5b) is lield by 
electrostatic attraction when a voltage from a DC power 
source is applied to electrodes (40) for electrostatic at- 
traction. A paste is applied to the electrode base mate- 
rial (5a), and then the paste is dried to form the water- 
repellent layer (6a). Subsequently, another paste (P2) 
is applied to the water-repellent layer (6a), and then the 
paste (P2) is dried. Accordingly, the substantially flat 
electrode catalyst layer including an extremely small 
number of depressions is formed. The electrode of the 
fuel cell produced as described above can be used as 
an anode or a cathode. 



FIG. 1 
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Description 

[0001] The present invention relates to a metiiod of 
and an apparatus for producing an electrode of a fuel 
cell. The output of the fuel cell with the electrode is high 
even when current density is high. 
[0002] In general, a fuel cell comprises a stack includ- 
ing a predetermined number of cell units which are elec- 
trically connected in series to one another. A collector is 
electrically connected to each of the cell units which are 
disposed at both ends of the stack. Further, an end plate 
is arranged outside of each of the collectors with an in- 
sulating plate Interposed between the end plate and the 
collector to avoid electric leakage. Additionally, a back- 
up plate may be arranged outside of each of the end 
plates in some cases. The stack, the insulating plates, 
and the collectors are interposed between the end 
plates or between the backup plates connected to each 
other by tie rods or the like. 

[0003] The cell unit has an electrolyte electrode as- 
sembly 1 as shown in FIG. 8. The electrolyte electrode 
assembly 1 comprises an anode 2 and a cathode 3 
which are connected to end surfaces of an electrolyte 

layer 4 respectively. 

[0004] In this arrangement, the anode 2 comprises a 
water-repellent layer 6a and an electrode catalyst layer 
7a which are stacked in order of mention on an electrode 
base material 5a. In general, the electrode base material 
5a is made of carbon paper, carbon cloth, or the like. 
The water-repellent layer 6a is made of carbon black 
and polytetrafluoroethylene (PTFE). The electrode cat- 
alyst layer 7a is made of carbon black with Pt supported 
thereon . On the other hand, the cathode 3 is constructed 
in the same manner as the anode 2. Therefore, the con- 
stitutive elements of cathode 3 are denoted by reference 
symbols of the elements of the anode 2 but replacing 
"a" with "b", and detailed explanation thereof is omitted. 
[0005] The electrolyte layer 4 comprises a membrane 
8 impregnated with a liquid electrolyte. The membrane 
8 may be a polymer membrane (see United States Pat- 
ent No. 5,525,436) made of basic polymer such as poly- 
benzimidazole or porous SIC. On the other hand, the 
liquid electrolyte may be liquids capable of electrically 
conducting hydrogen ion such as phosphoric acid, sul- 
furic acid, and methanesulfonic acid. 
[0006] The cell unit comprises the electrolyte elec- 
trode assembly 1 which is interposed between a pair of 
separators (not shown). 

[0007] When the fuel cell is operated, a fuel gas such 
as a hydrogen-containing gas is supplied to the anode 
2 via a gas flow passage in the separator, and an oxy- 
gen-containing gas such as air is supplied to the cath- 
ode 3. During this process, hydrogen in the fuel gas is 
ionized in the electrode catalyst layer 7a of the anode 
2, and thus hydrogen ions and electrons are produced. 
[0008] The produced hydrogen ions are moved in the 
cell unit, and arrive at the electrode catalyst layer 7b of 
the cathode 3. Duhngthis process, the electrons are ex- 



tracted by an external circuit which is electrically con- 
nected to the collectors. The electrons are utilized as 
DC electric energy to energize the external circuit. After 
that, the electrons arrive at the cathode 3. The hydrogen 

5 ions and the electrons reaching the cathode 3 react in 
the electrode catalyst layer 7b with the oxygen in the 
oxygen-containing gas supplied to the cathode 3. Thus, 
H2O is produced. H2O is repelled by the water-repellent 
layers 6a, 6b of both electrodes 2, 3, and is promptly 

10 discharged. Accordingly, it is possible to prevent the liq- 
uid electrolyte in the electrolyte layer 4 from flowing out- 
side together with H2O. 

[0009] The anode 2 is produced, for example, by us- 
ing a screen printing apparatus 10 shown in FIG. 9. At 

15 first, the electrode base material 5a (carbon paper or 
carbon cloth) is placed on a vacuum suction plate 12 
through which a plurality of suction holes 11 each having 
a diameter of about 1 to 2 mm are provided at intervals 
of about 10 mm. 

20 [0010] A suction jig 14, which is provided with a recess 

13, is arranged under the vacuum suction plate 12. A 
tube section 15 protrudes on one side of the suction jig 

14. An unillustrated suction mechanism is connected to 
the tube section 1 5. The atmospheric air around the vac- 

25 uum suction plate 12 is sucked through the recess 13 
by the suction mechanism. Accordingly, the vacuum 
suction plate 12 is positioned and fixed on the suction 
jig 14. Similarly, the atmospheric air around the elec- 
trode base material 5a is sucked through the suction 

30 holes 11 . Accordingly, the electrode base material 5a is 
positioned and fixed on the vacuum suction plate 12. 
[0011] A paste P1 for the water-repellent layer (see 
FIG. 10), which is prepared by dispersing carbon black 
particles and PTFE particles in a solvent such as ethyl- 

35 ene glycol together with a surfactant, is applied onto the 
electrode base material 5a in this state. 
[0012] Specifically, the paste PI is supplied onto a 
screen 1 7 of a screen section 1 6 of a screen printing 
apparatus 10. Subsequently, as shown in FIG. 10, a 

40 squeegee 18 is displaced from the right end to the left 
end. Accordingly, the screen 17 is expanded from a 
frame member 19 toward the electrode base material 
5a, and the paste PI is applied onto the electrode base 
material 5a through the screen 17. 

45 [0013] The paste PI is coated on the electrode base 
material 5a by a predetermined thickness. The paste P1 
is heated to remove the solvent by volatilization. Accord- 
ingly, the water-repellent layer 6a (see FIG. 8) Is fomried. 
[001 4] Subsequently, the electrode base material 5a, 

50 on which the water-repellent layer 6a has been formed, 
is positioned and fixed again on the vacuum suction 
plate 12 (see FIG. 9) in the same manner as described 
above, and a paste P2 for the electrode catalyst layer is 
supplied onto the screen 17. The paste P2 is prepared 

55 by dispersing carbon black particles with Pt supported 
thereon in a solvent such as ethylene glycol. The squee- 
gee 18 of the screen printing apparatus 10 is displaced 
from the right end to the left end in the same manner as 
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described above. Accordingly, the paste P2 is coated 
onto the water-repellent layer 6a through the screen 1 7. 
[0015] Finally, the electrode base material 5a, the wa- 
ter-repellent layer 6a, and the paste P2 are pressed and 
heated. During this process, the solvent in the paste P2 
is removed by vaporization. Accordingly, the electrode 
catalyst layer 7a (see FIG. 8) is formed. As a result, the 
anode 2 is completed. The cathode 3 is produced in the 
same manner as the anode 2. 

[0016] If the water-repellent layers 6a, 6b are unnec- 
essary, the steps of applying and drying the paste P1 
are omitted. That is, the electrode catalyst layers 7a, 7b 
are directly formed on the electrode base materials 5a, 
5b by applying the paste P2 onto the electrode base ma- 
terials 5a, 5b, and then drying the paste P2. 
[001 7] The carbon paper or the carbon cloth used for 
the electrode base material 5a, 5b is a porous member 
having a porosity of 70 to 90 %. For this reason, when 
the paste P1 is applied after positioning and fixing the 
electrode base material 5a, 5b by suction as described 
above, the paste P1 enters pores 20 of the electrode 
base material 5a, 5b as shown in FIG. 11 . Therefore, a 
large number of depressions 21 are fomned on the wa- 
ter-repellent layer 6a, 6b. If the paste P2 is applied and 
dried in this state, a large number of depressions 21 are 
also formed on the electrode catalyst layer 7a, 7b. 
[0018] The electric charge distribution is not uniform 
in the electrode catalyst layer 7a, 7b having the large 
number of depressions 21 . The conductivity of the elec- 
trodes 2, 3 of the fuel cell is lowered, and the internal 
resistance of the fuel cell is increased. Therefore, the 
output of thefuel cell is lowered, especially when current 
density is high. 

[0019] In order to solve the problem as described 
above, it is considered to be effective that the electrode 
base materials 5a, 5b are mechanically positioned and 
fixed by using a fixing jig such as a clamp. However, in 
this procedure, a part of the electrode base materials 
5a, 5b is covered with the fixing jig. Therefore, the paste 
PI or the paste P2 is not applied to the part. As a result, 
the surface area of the electrode catalyst layers 7a, 7b 
in which electrochemical oxidation -reduction reaction 
occurs, in other words, the electrode area is decreased. 
Therefore, the output density based on the volume of 
the fuel cell is consequently lowered, 
[0020] In order to avoid the decrease in output density 
of the fuel cell, the portion, to which the paste PI or the 
paste P2 is not applied, may be trimmed. However, the 
number of steps is increased thereby. Therefore, it is 
impossible to efficiently manufacture the electrode of 
the fuel cell. 

[0021] In any case, it is necessary to position and fix 
the electrode base materials 5a, 5b with the fixing jig 
and detach the electrode base materials 5a, 5b from the 
fixing jig. These operations are quite complicated and 
require a long period of time. 

[0022] A principal object of the present invention is to 
provide a method of and an apparatus for producing an 



electrode of a fuel cell in which a substantially flat elec- 
trode catalyst layer can be fomned, and thus it is possible 
to construct a fuel cell having a high output even at a 
high current density. 
5 [0023] According to the present invention, there is 
provided a method of producing an electrode of a fuel 
cell, comprising the steps of: 

holding an electrode base material by electrostatic 
10 attraction; 

applying a first paste to the electrode base material; 
and 

drying the first paste to form a water-repellent layer. 

15 [0024] In this production method, the paste for the wa- 
ter-repellent layer is applied while the electrode base 
material is held by electrostatic attraction. Therefore, 
during this process, the paste for the water-repellent lay- 
er is not sucked, and it does not enter pores of the elec- 

20 trode base material. Accordingly, it is possible to form 
the water-repellent layer with an extremely small 
number of depressions. 

[0025] Further, a substantially flat electrode catalyst 
layer can be formed on the water-repellent layer. Ac- 
25 cordingly, the electric charge distribution is substantially 
uniform in the electrode catalyst layer. Therefore, it is 
possible to obtain an electrode of the fuel cell having a 
high conductivity. 

[0026] The fuel cell having the electrode produced as 
30 described above has a low internal resistance. There- 
fore, it is possible to construct the fuel cell which has a 
high output even when current density is high. 
[0027] It is preferable that the electrode catalyst layer 
is formed in the same manner as the water-repellent lay- 
35 er. In otherwords, it is preferable that the method further 
comprises, in addition to the steps described above, the 
steps of: 

holding the electrode base material on which the 
40 water-repellent layer is formed by the electrostatic 
attraction; 

applying a second paste to the water-repellent lay- 
er; and 

drying the second paste to form an electrode cata- 
45 lyst layer. 

[0028] When the electrode base material is held by 
electrostatic attraction, it is possible to fonn the elec- 
trode catalyst layer which includes an extremely smaller 

50 number of depressions. Therefore, it is possible to ob- 
tain an electrode of the fuel cell having a more satisfac- 
tory conductivity. Consequently, it is possible to con- 
struct the fuel cell having a higher output. 
[0029] When the water-repellent layer is not provided, 

55 the electrode catalyst layer may be directly formed on 
the electrode base material. That is, according to anoth- 
er aspect of the present invention, there is provided a 
method of producing an electrode of a fuel cell, compris- 
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ing the steps of: 

holding an electrode base material by electrostatic 
attraction; 

applying a paste to the electrode base nnaterial; and 
drying the paste to fornn an electrode catalyst layer. 

[0030] Also in this case, it is possible to obtain a sub- 
stantially flat electrode catalyst layer which includes a 
small number of depressions. Consequently, it is possi- 
ble to construct the fuel cell having a higher output. 
[0031] It is noted that the electrode material is usually 
a porous member having a porosity of 70 to 90 %. There- 
fore, if the voltage applied to the electrodes for the elec- 
trostatic attraction is low, the electrode base material is 
not sufficiently held in some cases. On the other hand, 
if an extremely high voltage is applied, it is sometimes 
difficult to take out the electrode base material, because 
electrostatic attraction force remains even afterthe pow- 
er source is shut off. In order to reliably avoid the incon- 
venience as described above, it is preferable that a ma- 
terial having a porosity of 70 to 90 % is used as the elec- 
trode base material, and a voltage of 1000 to 6500 V is 
applied to the electrodes for the electrostatic attraction. 
[0032] According to still anotheraspectof the present 
invention, there is provided an apparatus for producing 
an electrode of a fuel cell, comprising: 

a mechanism for effecting electrostatic attraction; 
and 

a mechanism for applying to an electrode base ma- 
terial at least one of a first paste to form a water- 
repellent layer in the electrode of the fuel cell and a 
second paste to fomri an electrode catalyst layer in 
the electrode of the fuel cell, 

wherein the electrostatic attraction mechanism 
holds the electrode base material by electrostatic attrac- 
tion and the paste-applying mechanism applies the 
paste for the water-repellent layer or the paste for the 
electrode catalyst layer to the electrode base material. 
[0033] When the apparatus is constructed as de- 
scribed above, it is possible to apply the paste for the 
water-repellent layer while the electrode base material 
is held by electrostatic attraction. Therefore, it is possi- 
ble to prevent the paste for the water-repellent layer 
from being suctioned during this process so that the 
paste for the water-repellent layer does not enter pores 
of the electrode base material. Therefore, the water-re- 
pellent layer including an extremely small number of de- 
pressions is formed. Accordingly, the electrode catalyst 
layer formed on the water-repellent layer is substantially 
flat as well. The electric charge distribution is substan- 
tially uniform in the electrode catalyst layer which is flat 
as described above. Therefore, it is possible to obtain 
the fuel cell having a low internal resistance. Conse- 
quently, it is possible to construct the fuel cell which has 
a high output even when the current density is high. 



[0034] It is preferable that the apparatus further com- 
prises a suction mechanism for holding by suction an 
electrostatic attraction plate of the electrostatic attrac- 
tion mechanism. The electrostatic attraction plate holds 

5 the electrode base material. Accordingly, it is possible 
to position and fix (hold) the electrostatic attraction plate 
easily and reliably. 

[0035] Preferred examples of the apparatus for pro- 
ducing the electrode of the fuel cell as described above 
10 may include a screen printing apparatus. 

[0036] A preferred embodiment of the present inven- 
tion will now be described by way of example and with 
reference to the accompanying drawings, in which: 

15 FIG, 1 is a schematic perspective view illustrating 
major parts of an apparatus for producing an elec- 
trode of a fuel cell (screen printing apparatus) ac- 
cording to an embodiment of the present invention; 
FIG. 2 is a schematic longitudinal sectional view il- 
20 lustrating an electrostatic attraction plate of an elec- 
trostatic attraction mechanism; 
FIG. 3 is a plan view, with partial cutaway, illustrat- 
ing the electrostatic attraction plate shown in FIG. 2; 
FIG. 4 shows a flow chart illustrating a method of 
25 producing the electrode of the fuel cell according to 
the embodiment of the present invention; 
FIG. 5 is a magnified sectional view of major parts 
illustrating a state in which a paste for a water-re- 
pellent layer is applied with the apparatus shown in 
30 FIG. 1; 

FIG. 6 is a magnified sectional view of major parts 
illustrating a state in which a paste P2 for an elec- 
trode catalyst layer is applied; 
FIG. 7 shows a flow chart illustrating a method of 
35 producing an electrode of a fuel cell according to 
another embodiment; 

FIG. 8 is a schematic perspective view illustrating 
an electrolyte electrode assembly which constitutes 
a cell unit of the fuel cell; 

40 FIG. 9 is a schematic perspective view illustrating 
major parts of an apparatus for producing an elec- 
trode of a fuel cell (screen printing apparatus) con- 
cerning the conventional technique; 
FIG . 1 0 is a magnified sectional view of major parts 
45 illustrating a state in which a paste for a water-re- 
pellent layer is applied with the apparatus shown in 
FIG. 9; and 

FIG. 1 1 is a magnified sectional view of major parts 
illustrating a state in which the paste for the water- 
50 repellent layer enters pores of an electrode base 
material. 

[0037] A detailed explanation will be made below with 
reference to the accompanying drawings about the 
55 method of producing the electrode of the fuel cell ac- 
cording to the present invention as exemplified by pre- 
ferred embodiments in relation to the apparatus for car- 
rying out the method. In the drawings, the components 
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that are identical to tine components sliown in FIGS. 8 
to 11 are designated by the same reference numerals, 
and detailed explanation thereof will be omitted. 
[0038] FIG. 1 shows a schematic perspective view il- 
lustrating major parts of an apparatus for producing an 
electrode of a fuel cell according to an embodiment of 
the present invention. An apparatus 30 for producing the 
electrode of the fuel cell is a screen printing apparatus 
comprising a suction jig 14 which is provided with a re- 
cess 1 3 and which has a tube section 1 5 protruding from 
one side, a vacuum suction plate 12 which is provided 
with a plurality of suction holes 11 , an electrostatic at- 
traction mechanism 32, a screen section 16, and a 
squeegee 18 which is displaceable in the right and left 
directions. 

[0039] Especially, as shown in FIGS. 2 and 3, the 
electrostatic attraction mechanism 32 includes an elec- 
trostatic attraction plate 38 which is constructed by join- 
ing a substrate 34 and a holding plate 36, and electro- 
static attraction electrodes 40 which are disposed be- 
tween the substrate 34 and the holding plate 36. A DC 
power source 44 is electrically connected to the electro- 
static attraction electrodes 40 by lead wires 42a, 42b. 
[0040] The substrate 34 is preferably made from a 
material which has a resistivity of not less than 1 C""^ 12cm 
and a dielectric constant of not more than 4. It is more 
preferable to use a material which has a resistivity of 
lO""® to 10''7 Ucm. Rigid plastic such as rigid polyvinyl 
chloride sheet is used for the material. 
[0041] The electrostatic attraction electrode 40 com- 
prises a comb-shaped positive electrode 46 and a neg- 
ative electrode 48 (see FIG. 3). Comb teeth 46a of the 
positive electrode 46 are arranged between comb teeth 
48a, 48a of the negative electrode 48 while being sep- 
arated from each other by a distance Lr, The smaller Lr 
is, the larger the generated electrostatic attraction force 
is. However, in order to avoid any short circuit formation 
between the electrodes 46, 48, it is preferable that Lr is 
at least 5 mm. Each of the electrodes 46, 48 is formed 
by performing pattern printing of a conductive ink such 
as a silver paste or a carbon paste on the substrate 34, 
followed by drying. 

[0042] As described above, the DC power source 44 
is electrically connected to both of the electrodes 46, 48 
by the lead wires 42a, 42b. More specifically, the anode 
of the DC power source 44 is connected to the positive 
electrode 46 by the lead wire 42a. On the other hand, 
the cathode of the DC power source 44 is connected to 
the negative electrode 48 by the lead wire 42b. 
[0043] The holding plate 36 is preferably made from 
a material which has a resistivity of 1 0^ to 1 Qi^ acm and 
a dielectric constant of 4 to 12. Such a material is ex- 
emplified by a plastic material obtained by blending a 
conductive powder such as carbon black with nitrile 
butadiene rubber, polyvinyl chloride, acrylic graft poly- 
mer, acrylonitrile, styrene resin, ABS resin, methyl meth- 
acrylate, or a mixture of two or more compounds select- 
ed from the above. 



[0044] The substrate 34 and the holding plate 36 are 
joined to each another. Before joining, the electrostatic 
attraction electrodes 40 are formed on the substrate 34. 
Then, the holding plate 36 is placed on the substrate 34 
5 and heated for joiningto each otherwhile being pressed. 
[0045] An electrode base material 5a is positioned 
and fixed (held) as described later on by the electrostatic 
attraction mechanism 32. 

[0046] The screen section 1 6 (see FIG. 1) has a sub- 
10 stantially square screen 17 which comprises a mesh 
section 49 and a masking section 50 formed around the 
mesh section 49. The masking section 50 is held by a 
frame member 19. The frame member 19 is supported 
by an unillustrated support section which constitutes the 
15 apparatus 30. The mesh section 49 of the screen 17 
comprises stainless yarn or polyethylene yarn having a 
diameter of about 50 to 70 ^m woven in a lattice-shaped 
form. The masking section 50 closes meshes around 
the mesh section 49. In this arrangement, the mesh sec- 
20 tion 49 has a mesh size of 80-mesh to 250-mesh. 

[0047] When the screen 1 7 constructed as described 
above is pressed by the squeegee 1 8, the screen 1 7 is 
easily expanded toward the holding plate 36. 
[0048] The material of the squeegee 1 8 may be a res- 
25 in material such as polyurethane. The angle formed by 
the surface of the squeegee 1 8 in the moving direction 
thereof (left side in FIG. 1) and the screen 1 7 is usually 
set to be 60° to 90°. 

[0049] The squeegee 18 is held by a rack stand 54 
30 with a squeegee holder 52. Two engagement clamps 
56, 56 are formed to protrude on the back surface of the 
squeegee holder 52. On the other hand, two rack mem- 
bers 58, 58 are incorporated into the rack stand 54. Re- 
spective recesses of the engagement clamps 56, 56 are 
55 engaged with ends of the rack members 58, 58. In FIG. 
1 , reference numeral 60 indicates a reinforcement metal 
plate which protects each end of the rack member 58 
and which facilitates the smooth movement of the 
squeegee 18. 

40 [0050] The squeegee holder 52 is displaceable in the 
hght and left in FIG. 1 by an unillustrated movement 
mechanism. Accordingly, the squeegee 18 is displaced 
together with the squeegee holder 52 while pressing the 
screen 17. 

^5 [0051] Next, a method of producing the electrode of 
the fuel cell will be explained by using the apparatus 30 
constructed as described above, in which an anode 2 is 
produced. The anode 2 comprises a water-repellent lay- 
er 6a and an electrode catalyst layer 7a stacked in order 
50 of mention on an electrode base material 5a. 

[0052] FIG. 4 shows a flow chart illustrating the meth- 
od according to the embodiment of the present inven- 
tion. The production method comprises a first step S1 
of holding the electrode base material 5a by electrostatic 
55 attraction, a second step S2 of applying a paste PI for 
the water-repellent layer onto the electrode base mate- 
rial 5a, a third step S3 of drying the paste PI to form the 
water-repellent layer 6a, a fourth step S4 of holding the 
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electrode base material 5a on which the water-repellent 
layer 6a has been fornned, by electrostatic attraction 
again, a fifth step S5 of applying a paste P2 for the elec- 
trode catalyst layer onto the water-repellent layer 6a, 
and a sixth step S6 of drying the paste P2 to form the 
electrode catalyst layer 7a. 

[0053] Before performing the first step S1 an unillus- 
trated suction mechanism is firstly driven. Accordingly, 
the atmospheric air around the vacuum suction plate 1 2 
(see FIG. 1) is sucked through the tube section 15 and 
the recess 1 3 of the suction jig 1 4, and thus the vacuum 
suction plate 12 is positioned and fixed on the suction 
jig 14. Further, the atmospheric air around the electro- 
static attraction plate 38 is suclced through the suction 
holes 11 of the vacuum suction plate 12, and thus the 
electrostatic attraction plate 38 is positioned and fixed 
on the vacuum suction plate 12. 
[0054] The electrode base material 5a is placed on 
the holding plate 36 of the positioned and fixed electro- 
static attraction plate 38. In this state, a DC voltage is 
applied to the electrostatic attraction electrodes 40 lo- 
cated between the substrate 34 and the holding plate 
36. Accordingly, electrostatic attraction force is gener- 
ated between the pair of electrodes. As a result, the 
electrode base material 5a (carbon paper or carbon 
cloth), which is a conductor, is electrostatically attracted 
onto the holding plate 36. 

[0055] The voltage applied to the electrostatic attrac- 
tion electrodes 40 is selected depending on the porosity 
of the electrode base material 5a. Though the carbon 
which is the constitutive material of the electrode base 
material 5a is a conductor, the electrode base material 
5a has a high electric resistance because of the large 
porosity of 70 to 90 %. Therefore, the electrostatic at- 
traction force exerted on the electrode base material 5a 
is small if the applied voltage is low, and hence it is dif- 
ficult to hold the electrode base material 5a. On the other 
hand, if an extremely high voltage is applied, the elec- 
trostatic attraction force remains even when the DC 
power source 44 is shut off. In this case, it is difficult to 
release the electrode base material 5a applied with the 
paste PI from the holding plate 36. The applied voltage 
is preferably 1 000 to 6500 V and more preferably 4000 
to 6200 V so that the electrode base material 5a is reli- 
ably held and the electrode base material 5a is easily 
released from the holding plate 36 after shutting off the 
DC power source 44. For example, if the electrode base 
material 5a of carbon paper having a porosity of about 
80 % Is used, the applied voltage may be 6000 V. 
[0056] The paste PI is supplied to the mesh section 
49 of the screen 17 which is arranged over the electrode 
base material 5a at a position within a range of 1 to 6 
mm from the electrode base material 5a, for example, 
at a position separated therefrom by about 2 mm. 
[0057] The paste PI can be prepared, for example, 
by dispersing particles of a water-repellent substance 
such as PTFE, particles of a conductive substance such 
as carbon black, and a surfactant in an organic solvent 



such as isopropanol, normal propanol, or ethylene gly- 
col. 

[0058] It is preferable that the ratio between the or- 
ganic solvent and the respective particles in the paste 

5 P1 is selected so that the viscosity of the paste P1 is 
100 to 30000 cps. If the viscosity is less than 1 00 cps, 
an obtained paste tends to flow, and hence the paste 
P1 easily outflows from the electrode base material 5a. 
On the other hand, if the viscosity exceeds 30000 cps, 

10 then the fluidity of the paste PI is insufficient, and hence 
it is difficult to apply an obtained paste. The rate of the 
organic solvent is preferably 40 to 90 % by weight so 
that the viscosity of the paste PI is 1 00 to 30000 cps. 
[0059] The paste PI is exemplified by a paste in which 

'5 49.5 parts by weight PTFE dispersion containing 60.6 
% by weight PTFE particles (particle size: 200 to 300 
nm), 5 % by weight surfactant, and 34.4 % by weight 
pure water are mixed with 70 parts by weight carbon 
black particles having particle sizes of 10 to 30 nm and 

20 840 parts by weight ethylene glycol, and an obtained 
viscosity is 20000 cps. 

[0060] Subsequently, in the second step S2, the paste 
PI is applied to the electrode base material 5a. That is, 
the squeegee holder 52 is displaced together with the 
25 squeegee 18 by the unillustrated movement mecha- 
nism. In accordance with the displacement, the mesh 
section 49 of the screen 1 7 is expanded to a position in 
the vicinity of the surface of the electrode base material 
5a, by being pressed by the end of the squeegee 1 8 as 
30 shown in a magnified view in FIG. 5. Further, the paste 
PI is applied to the electrode base material 5a through 
the mesh section 49. When the viscosity of the paste PI 
is within the range as described above, it is preferable 
that the movement speed of the squeegee 18 is 250 to 
35 350 mm/second. When the movement speed is within 
the range as described above, the paste PI can be ap- 
plied to have a substantially unifomn thickness on the 
electrode base material 5a. 

[0061] The paste PI may be applied twice or more 
40 times. For example, when the water-repellent layer 6a 
is formed so that 2.5 mg of the carbon black particles 
and 1 .1 mg of the PTFE particles are included in 1 cm2 
within a central area of 155 mm x 225 mm of the elec- 
trode base material 5a having a short side of 160 mm 
^5 and a long side of 230 mm, the following procedure may 
be adopted. The paste PI is applied four times under a 
condition of the movement speed of the squeegee 1 8 of 
300 mm/second, and the amount of application for each 
time is 4.3 g, 2.9 g, 2.4 g, and 2.4 g. 
50 [0062] The electrode base material 5a is not directly 
sucked by the suction mechanism during the period in 
which the paste PI is applied to the electrode base ma- 
terial 5a as described above, for the following reason. 
The substrate 34 and the holding plate 36 are located 
55 between the vacuum suction plate 1 2 and the electrode 
base material 5a. Accordingly, the paste PI does not 
enter the pores 20 (see FIG. 11) of the electrode base 
material 5a. Consequently, it is possible to obtain the 
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water-repellent layer 6a which includes an extremely 
small number of depressions 21 . 
[0063] After the paste PI is applied to the electrode 
base material 5a, the DC power source 44 (see FIGS. 
1 and 3) is shut off to stop the electrostatic attraction. 
When the applied voltage is within the range described 
above, the electrode base material 5a can be easily re- 
leased from the holding plate 36. 
[0064] Subsequently, in the third step S3, the water- 
repellent layer 6a is formed by drying the paste PI . The 
drying operation may be performed by natural drying or 
drying in air. However, it is preferable to perform a heat- 
ing treatmentfor the following reason. When the heating 
treatment is performed, the paste PI is dried in a short 
period of time, and hence it is possible to efficiently ob- 
tain the electrode of the fuel cell. In the heating treat- 
ment, for example, the temperature may be raised to 
about 380 °C and maintained for about 30 minutes. The 
paste PI may be pressurized while being heated. 
[0065] The electrode catalyst layer 7a stacked on the 
water-repellent layer 6a can be formed by performing 
the fourth step S4 to the sixth step S6 in accordance 
with the first step 81 to the third step S3. That is, the 
electrostatic attraction plate 38 is held on the vacuum 
suction plate 12 by suction of the suction mechanism. 
After that, a voltage, which is preferably 1000 to 6500 V 
and more preferably 4000 to 6200 V, is applied to the 
electrodes for electrostatically holding the electrode 
base material 5a. The paste P2 is supplied to the mesh 
section 49 of the screen 1 7 which is arranged over the 
electrode base material 5a while being separated there- 
from by about 1 to 6 mm. 

[0066] The paste P2 is prepared, for example, by dis- 
persing carbon black particles with Ptsupportedthereon 
in a solvent such as ethylene glycol. In order to add the 
water-repellent property, particles of, for example, PTFE 
may be dispersed together. When the electrolyte layer 
4 positioned between the anode 2 and the cathode 3 is 
made from a solid polymer such as perfluorocarbon sul- 
fonic acid resin, it is preferable that powder of perfluor- 
ocarbon sulfonic acid resin is added to the paste P2. 
The preferred viscosity of the paste P2 and the ratio of 
the organic solvent are equivalent to those of the paste 
PI. 

[0067] A specified example of the paste P2 may be a 
paste in which 25 parts by weight catalyst-supporting 
particles including 10 parts by weight Pt particles sup- 
ported on 1 5 parts by weight carbon black (particle size: 
25 to 35 nm), 1 .5 part by weight PTFE particles having 
particle sizes of 0.25 to 0.3 |j,m, and 1 20 parts by weight 
ethylene glycol are mixed, and an obtained viscosity is 
300 cps. 

[0068] Subsequently, in the fourth step S4, the paste 
P2 is applied onto the water-repellent layer 6a as shown 
in a magnified view in FIG. 6 in the same manner as in 
the second step described above. The preferred move- 
ment speed of the squeegee 1 8 is 250 to 350 mm/sec- 
ond in the same manner as described above. 



[0069] Also in this case, the paste P2 may be applied 
twice or more times. For example, when the electrode 
catalyst layer 7a is formed so that 1 .5 mg of the catalyst- 
supporting particles is included in 1 cm2 within a central 

5 area of 1 55 mm x 225 mm of the electrode base material 
5a having a short side of 1 60 mm and a long side of 230 
mm, the following procedure may be adopted. The paste 
P2 is applied four times under a condition of the move- 
ment speed of the squeegee 1 8 of 300 mm/second, and 

10 the amount of application for each of the first to third 
times is 0.78 g and the amount of application for the 
fourth time is 0.72 g. 

[0070] The paste P2 does not enter the pores 20 of 
the electrode base material 5a (see FIG. 11) during the 

'5 application since the electrode base material 5a is not 
directly sucked by the suction mechanism as described 
above. Further, the water-repellent layer 6a on the elec- 
trode catalyst layer 7a includes an extremely small 
number of depressions 21 . Accordingly, it is possible to 

20 obtain the electrode catalyst layer 7a which is substan- 
tially flat and which includes an extremely small number 
of depressions 21 . 

[0071] After the paste P2 is applied to the electrode 
base material 5a, the DC power source 44 (see FIG. 1 ) 
25 is shut off to stop the electrostatic attraction. When the 
applied voltage is within the range as described above, 
the electrode base material 5a can be easily released 
from the holding plate 36. 

[0072] Subsequently, in the sixth step S6, the paste 
30 P2 is dried by natural drying or drying in air, preferably 
by a heating treatment to form the electrode catalyst lay- 
er 7a. The heating treatment may be performed, for ex- 
ample, under a condition in which the temperature is 
about 1 20 °C and the holding time is about 30 minutes. 
35 Further, a pressurizing operation may be performed in 
addition to the heating treatment. 
[0073] When the electrode catalyst layer 7a is provid- 
ed as described above, the anode 2 (see FIG. 8) is ob- 
tained, in which the water-repellent layer 6a and the 
40 electrode catalyst layer 7a are stacked in order of men- 
tion on the electrode base material 5a. 
[0074] As described above, in the embodiment of the 
present invention, the electrode base material 5a is held 
by electrostatic attraction. Accordingly, the paste PI and 
^5 the paste P2 do not enter the pores 20 of the electrode 
base material 5a (see FIG. 11). Therefore, it is possible 
to obtain the electrode of the fuel cell formed with the 
water-repellent layer 6a and the electrode catalyst layer 
7a which include an extremely small number of depres- 
50 sions21. 

[0075] Further, in this case, it is unnecessary to me- 
chanically hold the electrode base material 5a by using 
any fixing Jig such as a clamp. Accordingly, it is possible 
to apply the paste PI and/or the paste P2 to the entire 
55 surface of the electrode base material 5a by a desired 
area. Therefore, the electrode area is not decreased, 
and hence the output density in a unit volume of the fuel 
cell is not lowered as well. 
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[0076] When the fuel cell is constructed by using the 
electrode nnanufactured as described above, electric 
charge distribution is substantially unifornn in the elec- 
trode. Further, In this case, it is unnecessary to mechan- 
ically hold the electrode base material 5a by using any 
fixing jig. Therefore, there is no portion to which no paste 
is applied. In other words, it is possible to increase the 
electrode area. For the reason as described above, the 
conductivity of the electrode of the fuel cell Is Increased. 
Accordingly, the internal resistance of the fuel cell is de- 
creased. Therefore, it is possible to construct the fuel 
cell in which the output is high even at a high current 
density. 

[0077] The embodiment described above has been 
explained by using the case in which the anode 2 is pro- 
duced. However, the cathode 3 (see FIG. 8) can also be 
produced by forming a water-repellent layer 6b and an 
electrode catalyst layer 7b in order of mention on an 
electrode base material 5b in the same manner as de- 
scribed above. 

[0078] The embodiment described above has been 
explained by using the case in which both of the water- 
repellent layer 6a and the electrode catalyst layer 7a are 
formed. However, an electrode of a fuel cell having no 
water-repellent layer 6a, 6b may be produced by directly 
providing an electrode catalyst layer 7a, 7b on an elec- 
trode base material 5a, 5b in accordance with a produc- 
tion method based on a flow chart shown in FIG. 7. Also 
In this case, it is possible to extremely decrease the 
number of depressions 21 on the electrode catalyst lay- 
er 7a, 7b. 

[0079] While the invention has been particulariy 
shown and described with reference to pretended em- 
bodiments, it will be understood that variations and mod- 
ifications can be effected thereto by those skilled in the 
art without departing from the scope of the invention as 
defined by the appended claims. 



Claims 

1 . A method of producing an electrode (2, 3) of a fuel 
cell, comprising the steps of: 

holding an electrode base material (5a, 5b) by 
electrostatic attraction; 

applying a first paste (PI) to said electrode 
base material (5a, 5b); and 
drying said first paste (P1) to form a water-re- 
pellent layer (6a, 6b). 

2. The method according to claim 1 , further compris- 
ing the steps of: 



pellent layer (6a, 6b); and 
drying said second paste (P2) to form an elec- 
trode catalyst layer. 

5 3. A method of producing an electrode (2, 3) of a fuel 
cell, comprising the steps of: 

holding an electrode base material (5a, 5b) by 
electrostatic attraction; 
10 applying a paste (P2) to said electrode base 

material (5a, 5b); and 

drying said paste (P2) to form an electrode cat- 
alyst layer. 

'5 4. The nnethod according to any one of claims 1 to 3, 
wherein a material having a porosity of 70 to 90 % 
is used as said electrode base material (5a, 5b), and 
a voltage of 1 000 to 6500 V is applied to electrodes 
for said electrostatic attraction. 

20 

5. An apparatus for producing an electrode of a fuel 
cell, comprising: 

a mechanism (32) for effecting electrostatic at- 
25 traction; and 

a mechanism for applying to an electrode base 
material (5a, 5b) at least one of a first paste (P1) 
to form a water-repellent layer (6a, 6b) in said 
electrode (2, 3) of said fuel cell and a second 
30 paste (P2) to form an electrode catalyst layer 

in said electrode (2, 3) of said fuel cell, 
wherein said electrostatic attraction mecha- 
nism (32) holds said electrode base material 
(5a, 5b) by electrostatic attraction and said 
35 paste-applying mechanism applies said paste 

(PI ) for said water-repellent layer or said paste 
(P2) for said electrode catalyst layer to said 
electrode base material (5a, 5b). 

40 6. The apparatus according to claim 5, wherein said 
electrostatic attraction mechanism (32) includes an 
electrostatic attraction plate (38) for holding said 
electrode base material (5a, 5b), and wherein said 
apparatus further comprises a suction mechanism 

45 for holding said electrostatic attraction plate (38) by 
suction. 

7. The apparatus according to claim 5 or 6, wherein 
said apparatus Is a screen printing apparatus (30). 

50 



25 



30 



holding said electrode base material (5a, 5b) 55 
on which said water-repellent layer (6a, 6b) Is 
formed by said electrostatic attraction; 
applying a second paste (P2) to said water-re- 
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HOLD ELECTRODE BASE MATERIAL BY 
MEANS OF ELECTROSTATIC ATTRACTION 



APPLY PASTE FOR WATER-REPELLENT 
LAYER TO ELECTRODE BASE MATERIAL 



DRY PASTE FOR WATER-REPELLENT LAYER 
TO FORM WATER-REPELLENT UYER 



HOLD ELECTRODE BASE MATERIAL BY 
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AGAIN 
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LAYER TO FORM ELECTRODE CATALYST 
LAYER 
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FIG. 7 



HOLD ELECTRODE BASE MATERIAL BY 
MEANS OF ELECTROSTATIC ATTRACTION 



APPLY PASTE FOR ELECTRODE CATALYST 
LAYER TO ELECTRODE BASE MATERIAL 



DRY PASTE FOR ELECTRODE CATALYST 
LAYER TO FORM ELECTRODE CATALYST 
LAYER 
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